Background: Constraint-induced movement therapy (CIMT) 
I. Introduction
Upper extremity (UE) dysfunction among stroke population reduces patient's independence and has an impact on activities of daily living and quality of life. 1 Muscle weakness and loss of dexterity are important factors for the reduced upper extremity function in stroke patients. 2 Activities such as grasping, holding, and manipulating objects are daily functions of upper extremity, lacking in 55% to 75% of patients with 3 to 6 months following stroke. 3 Hence, strategies to improve upper extremity function among stroke population are necessitated to ameliorate motor recovery as motor recovery will decelerate in subacute (>3 months) and chronic (>1 year) stroke phases. 4, 5 Traditional neurophysiological approaches developed by Bobath, Brunstrom, Rood & Kabat for enhancing recovery in stroke rehabilitation, lack to date scientific evidence. 6, 7 Research in facilitating neuroplasticity led to the development of new movement therapy protocols inducing crucial neural and motor recovery. Movement therapy protocols like the task specific training, CIMT, and mental imagery have convincing evidence for their role in neural reorganization and associated motor and functional recovery. 8, 9, 10 Movement therapy protocols based on motor learning principles are capable of facilitating neural reorganization post stroke. 11, 12 Motor learning refers to permanent changes in behavior that occurs due to practice & experience. 13 Movement therapy protocols target deficits in the neuromuscular system and use repetition or an experience for improving skilled motor activity.
14 Repetitive practice for reaching to a glass of water improves the elbow extension, causes structural and functional changes in the motor cortex and cerebellum. Such changes are indicative of motor recovery, which is permanent. 15 Changes are not found with simple exercises, such as performing elbow flexion extension without any goal. 16 These findings aided in developing upper extremity rehabilitation protocols for stroke with increasing exercise duration and intensity 17, 18, 19 focusing on task-specific training. 20 Task-specific training with or without constraining the less affected UE had resulted in significant performance of the more affected UE in both chronic and subacute stroke survivors. 19, 20, 21 Utilizing the above said facts, constraint-induced movement therapy (CIMT) emphasizes to increase the amount and quality of the more affected UE function after stroke by using the three components: constraint over the less affected UE, intensive practice to the more affected UE (massed practice) and reinforcement of successive attempts with the more affected UE (shaping). 22, 23 The rationale behind CIMT is to overcome learned non-use and to bring about functional reorganization of the primary motor cortex.
Traditional model of CIMT on humans were conducted involving training of the affected upper limb (6 hours a day, week-days for 2 weeks) and constraint to the less affected upper extremity (90% of the waking hours for 14 consecutive days) after successfully conducting it on non-human primates. 24, 25 Despite the positive outcomes of the traditional model, 68% of patients with CVA refused to participate in the traditional model and 80% patients felt, if CIMT protocol lasts for more than 2 weeks with shorter PT/OT sessions and/or fewer hours wearing the constraints, they would participate. 26 In association to all these drawbacks, Page and colleagues introduced the modified constraint-induced movement therapy featuring half hour physical and occupational therapy sessions 3 times / week for 10 weeks, wearing of constraint on the unaffected upper limb for 5 hours for 5 days per week and demonstrated significant results. 26, 27, 28, 29 Distributed CIMT model encompasses 60 hrs of therapy as the traditional model but staggered in 3 weeks. The restraint is worn similar to the modified model for 5hrs/day. 30 Page et al have proved that schedules of reduced amount and intensity of CIMT can improve function in upper extremity but have not evaluated the effect of only manipulating the training intensity. 30 There is no published study on CIMT in the region and distributed model of CIMT has not been analyzed extensively. CIMT studies on subacute stroke patients are very less and distributed model of CIMT on subacute stroke patients are negligible. The purpose of this study was to examine the effects of distributed model of CIMT in improving upper extremity functions in subacute stroke patients and to study the importance of constraint in improving the upper extremity function in distributed model of CIMT.
II. Materials And Methods

Design
Experimental Pretest -Posttest control group design was used with a cohort of subjects with subacute stroke (3 -12 months after onset of stroke). 31, 32 This study was completed within a period of 9 months. 16 subjects selected for the study were randomized to either of the two groups -CIMT (Constraint) group and Control (Nonconstraint) group using the computer generated list of consecutive random numbers. Meenakshi university ethical review board approval was obtained before the commencement of the study. Informed consent was obtained from all the participants.
Subjects
Subjects were volunteers recruited from the out-patient department of Meenakshi college of physiotherapy. Potential subjects were screened to determine if they met the following inclusion criterias: Sub acute stroke patients 27, 32 , Score of 19 or more on Mini mental state exam 27 , 20° of wrist extension & 10° of finger extension in affected upper extremity 32 , Score of 2 or more in the "Upper arm function" section but less than 2 in the "Advanced hand activities" section on the Motor assessment scale 27 . Subjects were excluded if they exhibited: Excessive spasticity > 3 on the Modified Ashworth Scale, Excessive pain in the affected upper limb, as measured by a score of > 4 on a 10 point visual analog scale, Patients participating in any clinical trial. 16 patients were selected using the above mentioned criterias. Constraint group had 8 subjects, mean age 48.5+3.4yrs (39-57 yrs); 1 female & 7 males; 6 right hemiparesis and 2 left hemiparesis. Non-constraint group had 8 subjects mean age 52.5+3.1yrs (44-59 yrs); 1 female & 7 males; 5 left hemiparesis and 3 right hemiparesis (Table 1 ). Patients and their caregivers were informed of the training's basic principles, including the expected disappointment during the first several days after the forced non-use of the unaffected upper extremity.
Protocol
All subjects selected for the study received 3hrs of repetitive functional task practice to their more affected upper extremity for 3 weeks. The constraint group wore the constraint for 5 hours a day 29 on the less affected upper extremity while the non-constraint group did not wear constraint. Constraint is a cotton upper arm sling, with a strap around the neck for support. Constraint was applied for 3 hours during the training sessions and another 2 hours at home. Subjects were not asked to wear the constraint in unstable environments and during bilateral hand activities (e.g. opening bottles, lifting jars). The subjects were encouraged to wear the constraint independently; subjects who could not wear it independently wore it with assistance. The subjects were provided with a log book to note the restraint use, to be filled by the caregiver and list the activities performed during the constraint wear period. This log would be reviewed every day before the therapy session, for the duration of constraint applied and to assess the amount of arm used during those periods. Subjects in the non-constraint group were also given therapy for 3 hours with the same repetitive functional task practice but without constraining the unaffected arm, which didn't restrict the subjects in occasionally using the unaffected arm to assist their affected arm in activities. The functional task practice includes: picking up glass of water & drinking, reaching for an item and putting into the mouth, opening lid of bottles, arranging puzzles, peg boards and in real home environment the activities encouraged were turning handles of doors, turning pages of newspapers, magazines.
Intervention
Subjects were made to repeatedly attempt to use the more affected UE for activities, assisted by the therapist whenever essential. This assisted in achieving Massed Practice. Tasks were selected to address the motor deficits of the individual subjects. The tasks if complex for the subject were broken down into simple components and then made to perform together (Shaping). During the therapy sessions, the therapists enhanced to focus participants attention and effort to the use of the affected upper extremity. Every task was repeated 6-10 times with the more affected UE. The levels of the tasks are adjusted so that as the subject improves, there is increase in the challenge of the task. (e.g.) facilitating grasping and release of the affected hand, initially larger tennis ball was used as the subjects improved smaller balls were used to facilitate grasping and release. The therapist worked with subjects on 1:1 therapist to subject ratio. The constraint is worn for 2 hrs at home and during 3hr repetitive functional task practice sessions. The subjects were monitored through their caregivers on their 1hr home program schedule during which the constraint group had to wear the constraint. The constraint was worn for another 1hr at home other than home program session, which was identified as the frequent arm use period at home, thus encouraging use of more affected UE at real life situations. Posttest measurements were performed thrice at the end of each week to measure the difference in the activity level of the more affected upper extremity. The examiner was blinded and unaware of the intervention the subjects had undergone.
Outcome Measures
Pretest was performed to measure the baseline characteristics before the study started and the subjects were blinded of their group. Baseline measurement of all subjects both in constraint and non -constraint group were scored on the three UE sub scales of motor assessment scale (Upper arm functions, Hand movements & Advanced hand activities). Motor assessment scale is a 6 point ordinal scale, measuring the activity level of the more affected UE after stroke. Motor assessment scale has shown test-retest reliability (r = 0.98), inter-rater reliability (r = 0.95). 33 Motor assessment scale responses are similar to the responses of Action reach arm test which is one of the common outcome measures used in CIMT studies in measuring upper extremity functions after stroke.
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III. Result
The characteristics of the study subject were as follows: Stroke survivors were 4.4 -10.5 months (7.10 months + 2.03) post onset of stroke for the constraint group, and 4.5 -9.3 months (7.45 months + 1.83) post onset of stroke for the non-constraint group (Table 1) . Baseline characteristics showed no significant difference between the constraint and non-constraint groups before starting the study. Motor assessment scale was used to record the changes in the more affected UE activity in both the groups; the data collected not being normally distributed and hence subjected to non-parametric statistical evaluation on the SPSS version 17.0. Wilcoxon's signed rank test was used to compare the pre and post test 3 rd week values for the constraint & non-constraint group. Mean, Median, Standard deviation, P value & Z value for both groups are given in (Table 2 ). The comparison of Pretest & Posttest 3
rd week values showed there were significant differences in the upper extremity function when compared with the non-constraint group. Both groups exhibit a significance of (P < 0.01), supporting the experimental hypothesis. The constraint group has clinically improved in its upper extremity function by 40%, the non-constraint group has improved by 20%, which is considered two fold than the non-constraint group. This is calculated from the median values of both groups (Table 3 ) & (Graph 1). The constraint group has clinically improved in upper arm function subscale by 22% when compared to 0% in non-constraint group in three weeks, hand movements have improved 100% in constraint group when compared to 50% in non-constraint group. The advanced hand activities have not improved in both the groups. According to the logs, 14 out of 16 patients reported successful accomplishment using constraints for 5 hours a day. The remaining 2 patients had some difficulties in compliance and used the constraint for 80% of the scheduled constraint wear period. 
IV. Discussion
Distributed model of CIMT is the latest model of the family, with different schedule of therapy and restraint protocol. Traditional CIMT models engaged for 60 hours of therapy, for a span of 14 days and constraint application for 90% of the waking hours every day. 23 Modified CIMT includes 60 hours of therapy for a span of 10 weeks with constraint applied for 5 hours every day. 26 The distributed model has therapy schedule for 60 hours in 20 days and constraint applied for 5 hours every day. 30 Systematically implementing 6 hours therapy per day similar to the traditional model in the Asian circumstance is practically impossible due to the patient turn over and sustainability. It has been identified that the intensity of training is an important factor in CIMT intervention, thus we stuck to 60hrs of therapy even though staggered for 3 weeks. 23, 35, 36 The present study results indicated that distributed model of CIMT for 3 weeks promoted UE function following subacute stroke. The findings of the current study are consistent with those carried out in American population. 23, 27, 28 Similarly present study result agrees with other studies that have evaluated the effect of forced use. 34 Maintaining the activities common for both experimental and control group this study was able to demonstrate that application of constraint improves the affected upper extremity function in contrast to the previous research. 37 The positive outcome of our study can be explained to the commitment of subjects & caregivers in complying with the constraint wear schedule of 5 hrs a day. Since our study is one such research which had utilized motor assessment scale, from the study output, we would like to recommend motor assessment scale could be replaced with action research arm test in future CIMT studies. However previous studies highlighted at 2 years follow-up, the effects were higher in the group that had been constrained. 38 Possible limitation of the study was not evaluating the effect of constraint and distributed model of CIMT over the impairment and functional domains post stroke. The effect and compliance of constraint application was not recorded objectively. Therefore future studies should involve the measurement of distributed model of CIMT on impairment and functional domains and use an objective tool to observe the effect and compliance of constraint use.
V. Conclusion
The results of the study showed that the constraint group significantly improved than the non-constraint group, which emphasizes that distributed model of CIMT could improve the upper extremity function after stroke in subacute patients. This study also emphasized the significance of constraint in distributed model of CIMT.
